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Duke Cameron, MD, and Luca Vricella, MDValve-sparing aortic root replacement is typically per-formed for aortic aneurysm rather than valve disease,
though minor valve abnormalities and functional disturban-
ces of the valve created by root distortion are often addressed
as part of root replacement. Most patients have congenital
connective tissue disorders, such as Marfan syndrome and
Loeys-Dietz syndrome, but increasingly adolescents with
enlarged aortas associated with bicuspid aortic valve are
being evaluated and considered for prophylactic surgery to
prevent rupture and dissection. Though models exist to
predict aortic catastrophe in adults based on aneurysm size
and other variables, no such models exist for children, and
precise indications for root replacement are lacking. Most
published guidelines are intuitive rather than evidence
based. Because aortic rupture and dissection are extremely
rare in children under 12, our bias is to treat young children
conservatively. In contrast, adolescents probably carry a risk
of rupture or dissection similar to their adult counterparts.
The value of z-scores in estimating risk of rupture or
dissection is also still unproven, as it remains uncertain
whether absolute size vs size of the aorta relative to the host
better predicts risk.urgery, The Johns Hopkins Medical Institutions,
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0.1053/j.optechstcvs.2013.04.001Valve-sparing aortic root replacement exists in 2 major
forms, the remodeling procedure and the reimplantation
procedure. The remodeling operation reconstitutes the aortic
root with a prosthetic tube graft that has 3 tongues sewn to
the aortic annulus. While it reproduces the shape of the
sinuses faithfully, it does not stabilize the aortic annulus and
can therefore can lead to late valvar incompetence. For most
children having aortic root replacement, aortic annulus
stabilization is important for durability of the repair. The
reimplantation operation, which encloses the entire aortic
valve complex within the prosthetic graft, stabilizes the
annulus and is therefore the preferred operation. Fortu-
nately, most patients who require this operation already have
an annulus that is adult size or nearly so. Neither the
remodeling nor reimplantation operations allow growth, so
an adult size annulus at least allows the possibility of an
operation that can endure until adulthood.
The long-term behavior of valve leaﬂets opening and closing
within a rigid prosthesis remains uncertain. Fifteen-year
follow-up is available for adults after valve-sparing operations,
but most pediatric series have 10 years or less. Therefore, long-
term results are not known. Our own experience with Marfan
syndrome suggests that more than 90% of children operated
on with the reimplantation procedure still have well-
functioning aortic valves 10 years after surgery. Operative
risks have been low; there has been 1 death in 270 patients in
the Johns Hopkins series1–3 (Figs. 1-12).
Figure 1 The aortic root is approached through median sternotomy. The aorta is cannulated at the proximal arch; bicaval venous cannulation
is used to improve aortic root exposure. A right superior pulmonary vein vent is used. The right atrium is explored routinely for a possible
patent foramen ovale. Standard cardiopulmonary bypass and cardioplegic techniques are used. Blood cardioplegia is given antegrade into the
aortic root or, if the aortic valve is incompetent, directly into the coronary arteries after the aorta is clamped and opened. The aorta is
transected several millimeters above the sinotubular junction.
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Figure 2 We choose the graft size based on “optimal sinotubular junction (STJ) diameter.” This is deﬁned as the sinotubular junction diameter
that provides the best apposition of leaﬂets, similar to the normal anatomical pattern of closure also known as the “position of prayer” (insert).
If the valve is already competent and has a normal pattern of leaﬂet apposition, the STJ diameter should be preserved. If there is valvar
incompetence due to splaying of the STJ, a narrower STJ can be tried, and the new diameter measured using a standard valve sizer. A graft
with a diameter 3-4 mm greater than the optimal STJ diameter is then selected, because the graft sits outside the valve complex. We have not
found measurement of leaﬂet length or commissure heights useful in graft size selection.
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Figure 3 Traction sutures are placed at the top of the 3 commissures to lift the root up and forward, and to improve exposure. The aortic valve
is inspected for fenestrations or tears. Marked thinning or extensive fenestrations at the commissures should raise the question of whether
valve preservation is advisable. The sinuses are excised, leaving 3-4 mm of sinus remnant adjacent to the annulus. The root is freed up from
surrounding tissues down to the annulus circumferentially. However, one must be careful about the use of the electrocautery anteriorly when
dissecting the anterior commissure from the right ventricular outﬂow tract. The AV node is in close proximity and can be damaged from heat
and electrical current. Three horizontal mattress sutures of pledgetted polyester (2-0 or 3-0) are placed below the annulus at the nadir of each
of the 3 sinuses and are passed from inside out. Only 2 subannular sutures are used in bicuspid aortic valves. These sutures anchor the
bottom of the graft below the annulus and would ensure that the entire annulus ﬁts within the graft.
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Figure 4 We use a preformed Dacron graft with sinuses and trim the bottom end to 2 small rings. The black seams on the graft align with the
commissures; a marking pen can be used to note the sites for the subannular sutures, which are passed through the base of the graft. In the
region of ﬁbrous continuity between the aorta and pulmonary artery, a small notch at the bottom of the graft would help seat the graft. This
notch should be closed with suture after the valve is secured within the graft.
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Figure 5 After the 3 subannular sutures are passed through the base of the graft, the graft is lowered around the aortic valve complex while the
3 commissural stay sutures are drawn up through the graft.
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Figure 6 The top of each commissure is ﬁxed to the sinotubular ridge of the graft using pledgetted 4-0 polypropylene mattress suture. At this
point, the valve is oriented within the Dacron graft by the 3 subannular sutures and the 3 commissural sutures. The sinus remnant and
annulus are sewn to the inside of the graft with a continuous suture, 4-0 Prolene in larger children and 5-0 Prolene in smaller children. The
suture is typically started at the bottom of the left coronary sinus and brought upward and passed outward through the top of commissure to
the outside of the graft. Whenever possible, it is best to sew away from the leaﬂets to minimize risk of injury. The noncoronary sinus is
addressed next, followed by the right coronary sinus.
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Figure 7 This drawing illustrates how the entire annulus sits within the sinus segment of the graft, which prevents annular dilation.
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Figure 8 Ideally, the leaﬂets should appose at the midlevel of the sinus (position of prayer) (A). Saline testing may reveal leaﬂet prolapse, which
can be corrected by midleaﬂet plication to shorten the free edge (B) or by a suspension suture (C). Most children requiring VSRR have thinned
leaﬂets that are best addressed by midleaﬂet plication.
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Figure 9 Left coronary button reimplantation is similar to conventional aortic root replacement techniques. We favor 5-0 polypropylene with a
thin felt strip for reinforcement.
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Figure 10 The right coronary artery is usually implanted just to the left of the anterior commissure and just inferior to the STJ ridge on
the graft.
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Figure 11 When the graft size is chosen based on the STJ, the base of the graft would sometimes be loose around the bottom of the root and
lead to needle-hole bleeding under the graft that can be minimized by plicating the graft at the base of the commissures.
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Figure 12 The completed root procedure is shown here. The graft has been trimmed distally to 4-5 rings and anastomosed to the distal
ascending aorta. After air is evacuated from the heart, the aortic clamp is released and careful attention paid to ventricular distension from
aortic regurgitation. Signiﬁcant distension should prompt placement of a left ventricular vent, clamping the aorta and reopening the graft to
evaluate for unrecognized leaﬂet prolapse, which can be addressed by midleaﬂet plication. Substantial bleeding at the base of the graft should
also prompt aortic reclamping, reopening the graft, and searching for a fold or gap in the apposition of the sinus tissue to the inside of the
graft. Regurgitation that is mild, central, and heading straight back into the left ventricle is often due to failure of central coaptation of the
nodes of Arantius. If the regurgitation is mild, this can be a stable residual lesion. However, an eccentric jet is often a sign of leaﬂet prolapse
and should be addressed by leaﬂet resuspension. Patients are kept on aspirin for 1 month after surgery, and most patients are maintained on a
β-blocker or angiotensin receptor blocker indeﬁnitely. Long-term surveillance of the remaining aorta is important, particularly in Marfan
syndrome and Loeys-Dietz syndrome.
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